Secondary-structure characterization of two proficient kinase deoxyribozymes.
Dk1 and Dk2 are two catalytically proficient, manganese-dependent, guanine-rich deoxyribozymes previously isolated for DNA phosphorylation. In this study, we carried out a series of experiments that aimed to understand the structural properties of Dk1 and Dk2 and compare the structural similarities or differences of these two distinct deoxyribozymes that carry out similar catalytic functions. First, we performed reselections from two partially randomized DNA libraries on the basis of the original Dk1 and Dk2 sequences to isolate catalytically active sequence variants and identify nucleotides that are invariable, well-conserved, or highly mutagenized. Sequence analysis of these variants assisted by secondary-structure predictions led to the identification of possible Watson-Crick base-pairing regions within each deoxyribozyme. Sequence truncation and base-pair partner exchange experiments were conducted to confirm, or rule out, the existence of the predicted secondary-structure elements. Finally, methylation interference experiments were applied to identify nucleotides that are potentially important for the tertiary structure folding of the deoxyribozymes. Our data suggest that Dk1 and Dk2, despite the differences in their primary sequences and NTP requirements, use an analogous stem-loop element to anchor a structural domain of substantial tertiary interactions to execute their catalytic functions.